(ECMD PAS) and by measurement of transmitted and reflected light, and 3) the results of a theoretical model developed to explain the experiment and characterize its range of applicability.
An exponential decrease of the intensity of a wave or parti le beam with distance (z] along the direction of wave propagation, I(z) = I0e-", where lo is the intensity at z = 0, is characteristic of any loss process for which the spatial rate of change of intensity is linearly proportional to the intensity. If the photothermal lascr-beam deflection signal is linearly proportional to I(z), than a semilogarithmic plot of that signal versus z will be a straight line the slope of which is equal to -B .
Such a measurement provides a direct, absolute value of attenuation --by the definition of attenuation. This method contrasts to indirect methods in which transmitted intensity is measured or in which intensity-dependent signals are compared to a reference signal (relative measurements), and to absolute-attenuation measurements that require precise theory and knowledge of material parameters to infer 6 from the data.
The application of laser-beam-deflection measurements to spectroscopy or photothermal laser-heam-deflection spectroscopy (PTLBDS), was first reported by Boccara, et a1 .', who measured relative optical absorption as a function of wavelength for several solid samples. In subsequent studies PT1,BDS was utilized to measure the optical absorption coefficient in weakly absorbing and condensed" samples. The deflection signal was calibrated in the former study using a gaseous mixture of known 6 and in the latter study using solid and liquid samples that had previously been characterized with a spectrophotometer. Photothermal laser-beam deflection has also been employed to measure thermal images of surface5 and subsurface6 structure.
The+concept of ahsolute-attenuation measurement using I.BDS was tested using a chopped A r laser "pump" beam and a tfe-Ne laser "probe" beam. The pump beam at a wayelength of 514 nm was directed at normal incidence into a 0.7 x 0.7 x 1 cm u3 :Car2 c r y~t a l .~ The probe beam at 633 nm, a wavelength for which the sample is weakly absorbing, was directed perpendicular to the pump beam through the region of refractive-index gradient produced by the heat of the absorbed pump beam. Both
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1983633 p a r a l l e l ( 2 ) and p e r p e n d i c u l a r 0.) d e f l e c t i o n s i g n a l s were d e t e c t e d by a two-din e n s i o n a l p o s i t i o n s e n s o r . As t h e sample was scanned p a r a l l e l t o z u s i n g a s t e p p i n g n o t o r , t h e amplitude and phase o f t h e d e f l e c t i o n s i g n a l were measured by a l o c k -i na n a l y z e r . The experiment was c o n t r o l l e d and d a t a a u t o m a t i c a l l y a c q u i r e d u s i n g a computer.
The p o s i t i o n -s e n s o r s i g n a l corresponding t o t h e component o f t h e probe-beam d e f l e c t i o n p a r a l l e l t o t h e d i r e c t i o n of pump-beam propagation i s shown i n F i g . 1 a s a f u n c t i o n o f 2 f o r f = 25 Hz. The d a t a range extends from a p o i n t n e a r t h e pumpbeam e n t r a n c e s u r f a c e t o a p o i n t i n t h e bulk o f t h e sample. The semilog p l o t o f t h e d a t a i s w e l l c h a r a c t e r i z e d by a s t r a i g h t l i n e except n e a r z = 0 ( n e a r t h e i n p u t s u r f a c e ) . A l e a s t -s q u a r e s f i t o f t h e s e d a t a t o a s t r a i g h t l i n e y i e l d s t h e s l o p e , and hence, 6. S i m i l a r r e s u l t s were obtained f o r r e p e a t e d measurements o f t h e p a r a l - f o r t h e U~C~F~ sample a t 514 nm. I t should be mentioned t h a t a p o s i t i o n -s e n s o r v o l t a g e o f 100 pV corresponds t o a d e f l e c t i o n a n g l e o f 5 x lo-' r a d i a n s .
Measurements on t h e same sample were made u s i n g two o t h e r independent methods f o r purposes o f comparison w i t h t h e PTLBDS r e s u l t . Measur.ements o f i n c i d e n t , r ef l e c t e d , and t r a n s m i t t e d power a t 514 nm were made u s i n g a p h o t o d e t e c t o r and a c a l ib r a t e d o p t i c a l a t t e n u a t o r . With t h e assumption t h a t t h e r e is no s u r f a c e a t t e n u a t i o n f o r t h i s sample, a v a l u c o f 11 cm-I was i n f e r r e d from t h e r e f l e c t i o n -t r a n s m i s s i o n measurcmcnts. 
P r e v i o u s l y , t h e a t t e n u a t i o n i n t h i s sample had been determined from ECMD-PAS The ECMD-PAS s i g n a l was measured a s a f u n c t i o n o f choppjng frequency and t h e d a t a were f i t t o t h e t h e o r y o f McDonald and w e t s e l q u s i n g a comp u t e r s e a r c h procedure and a p r o v i s i o n f o r s u r f a c e a t t e n u a t i o n . Assumin a v a l u e f o r s u r f a c e a b s o r p t i o n e x t r a p o l a t e d from t h e d a t a o f Hordvik and Skolnikko f o r CaP2, t h e valve e s t i m a t e d f o r B was about 12 cm-l. A t h e o r e t i c a l model has been develo ed t h a t d e s c r i b e s t h e temperature g r a d i e n t s produced by photothcrmal conversion o f t i e
r e n t i a l e q u a t i o n s f o r t h e o p t i c a l p a t h , d e r i v e d from Fermat's p r i n c i p l e , were i n t e g r a t e d t o o b t a i n t h e e q u a t i o n s f o r t h c p a r a l l e l and p e r p e n d i c u l a r d e f l e c t i o r~ a n g l e s . F Q~ small a n g l e s , t h e e x p r e s s i o n f o r t h e a n g l e corresponding t o d e f l e c t i o n p a r a l l e l t o t h e d i r e c t i o n o f pump-beam propagation i s given by:
Fm where y = i n i t i a l p o s i t i o n o f probe beam r e l a t i v e t o c e n t e r o f pump beam, A = (~B I~~~/~K~~) (an/a'I') , a = f r a c t i o n o f absorbed l i g h t converted i n t o h e a t , r =

Gaussian pump-beam radyus, ~= t h c r m a l c o n d u c t i v i t y , no=equilibrium r e f r a c t i v e index,
(an/aT) = e q u i l ibrium r e f r a c t i v e -i n d e x g r a d i e n t , u= ( 
The most important f e a t u r e o f Ig& v i s -a -v i s t h e a b s o l u t e measurement o f o p t i c a l a t t e n u a t i o n i s t h e f a c t o r , e
, o u t s i d e t h e i n t e g r a l . I f t h e v a l u e o f t h e i n t e g r a l were independent o f z o r weakly dependcnt on z , thcn t h e f u n c t i o n a l dependence o f Q on z would be e x p o n e n t i a l o r n e a r l y e x p o n e n t i a l , r e s p e c t i v e l y . a p p r o p % a t e p a r a s e t e r s v E r i f i e s t h a t t h e above i n e q u a l i t i e s provide a good measure o f a p p l i c a b i l i t y o f t h e method.
The range o f a p p l i c a b i l i t y o f P'I'I.BI)S f o r determining B i s t h e n givcn b y t h e range o f parameters such t h a t t h e second term i n c u r l y brack t s o f ( 1 ) i s small compared t o u n i t y . Examination o f t h a t Ie;m r e v e a l s t h a t (&me
C a l c u l a t i o n s o f 8" a s a f u n c t i o n o f z u s i n g (1) f o r zci: g i v e a d e v i a t i o n from a s t r a i g h t l i n e on a semilog p l o t o f t h e same general shgpc a s t h a t o f t h e d a t a i n F i g . I ; howevcr, p a r t o f t h e r o l l o v e r i n t h e d a t a n e a r z=0 i s due t o t h e f i n i t e d i a m e t e r o f t h e probe beam (W.8mm). Comparison o f experiment;tl and t h e or e t i c a l v a l u e s o f O,,(Z) i n v o l v e c o n s i d e r a t i o n s 1 s i m i l a r t o t h o s e f o r 3,, ( z ) , above.
As f u r t h e r e v a I u a t i o n s o f t h e model,O1 andOA were measured a s a f u n c t i o n o f yo.
The r e s u l t s f o r t h e amplitude o f 8" a r e shown i n F~P . 2 along with t h c p r cd l c t i o n s o f ( 1 ) . 'l'he agreement i s e x c e l l e n t c o n s i d e r i n g t h a t t h e pump beam i s probably n o t e x a c t l y Gaussian. The experimental and t h e o r e t i c a l v a r i a t i o n s o f t h e phase o f 0~ with yo were a l s o i n good agreement except f o r 1 y o / > r . S i m i l a r l y , experi.menta1 and t h e o r e t i c a l v a r i a t i o n s o f O & with yo ;ire i n e x c e l l e n t agreement.' khereas t h e frequency dependence o f $U a s i n d i c a t e d by (1) appears t o be comp l i c a t e d , i t i s dominated hy a f dependence, a s i s most ~~h o t o t h e r m a l phenomena.
The d e f l e c t i o n a n g l e i n c r e a s e s \ < i t h i n c r e a s i n g B u n t i l s a t u r a t i o n o c c u r s ; t h e p r ed e c t i o n s o f (1) f o r CaF2 a r e shown i n F i g . 3.
In summary, we have devcloped a method o f a b s o l u t e measurement of Nave o r p a r t i c l e -b e a m a t t e n u a t i o n u s i n g l a s e r -b e a m -d e f l e c t i o n s p e c t r o s c o p y . The e x p e r imental mcthod and i t s range o f a p p l i c a b i l i t y have been c h a r a c t c r i z c d by a t h e or e t i c a l model o f PTLBDS t h x t i s i n e x c e l l e n t agreement w i t h t h e d a t a f o r t h e t e s t sample, a c r y s t a l of u " : c~F~. 'I'he v a l u e of 6 o b t a i n e d by P'l'LI3I)S was compared with t h e v a l u e s o b t a i n e d From two independent methods. The v a l u e o f B i n f c r r c d from. transmissi.on-reflection measurements i s s u b j e c t t o e r r o r s due t o s u r f a c e a t t e n u a t i o n and inhomogeneity i n t h e sample, and t o c a l i b r a t i o n e r r o r s i n t h e o p t i c a l a t t e n ua t o r s . The v a l u e of @ i n f c r r c d from ECMD-PAS measurement^^^^^^" i s s u b j e c t t o e r r o r s due t o s u r f a c e a t t e n u a t i o n arid i n h o m o~e n e i t y i n t h e sample, imprecise knouledge o f t h c m a t e r i a l parameters o f t h e sample, and some u n c e r t a i n t y about t h e v a l i d i t y o f t h e t h e o r y and computer d a t a f i t t l n g . The I.BI)S t e c h n i q u e p e r m i t s t h e d e t e r m i n a t i o n o f a t t e n u a t i o n by d i r e c t p r o b i n g o f t h e pump-beam i n t e n s i t y , I ( z ) ; o n l y t h e d i s t a n c e ( z ) c a l i b r a t i o n i s r e q u i r e d .
Y ~I L L I E T E R S )
I t i s a p p l i c a b l e t o samples t h a t
a r e n e a r l y t r a n s p a r e n t a t somc (prohc-beam) wavelength and f o r which somc f r a c t i o n o f t h e a b s o r b e d e n e r g y is c o n v e r t e d i n t o h e a t ; y e t , t h e measured a t t e n u a t i o n f a c t o r , B, i s c h a r a c t e r i s t i c o f p r o c e s s e s t h a t remove eriergy from t h c pump beam. Thc method i s l i m i t e d on t h e low-13 end o f t h e r a n g e o f a p p l i c a b i l i t y by n o i s e and by t h e sample l e n g t h r e q u i r c d (~6-I); l t i s l i m i t e d on t h e h i g h -6 end by t h e choppingf r e q u e n c y dependence o f t h e s i g n a l and hence e v e n t u a l l y n o i s e , and by t h e a v a i l ab i l i t y o f s u f f i c i e n t l y -s m a l l z -s t e p s i z e and probe-beam d i a m e t e r . We e x p e c t t h a t t h i s r a n g e i s from t r a n s p a r e n t t o q u i t e opaque f o r t y p i c a l m a t e r i a l s .
